Influence of Joint Configuration on the Strength of Laser Welded Presshardened Steel  by Kügler, H. et al.
 Physics Procedia  83 ( 2016 )  373 – 382 
Available online at www.sciencedirect.com
1875-3892 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).







aBIAS – Bremer Institut für angewandte Strahltechnik GmbH, Germany 















DO  LQYHVWLJDWHGGLIIHUHQWERURQFRQWHQWV LQVWHHODQGIRXQG WKDWERURQDOOR\HGVWHHOVREWDLQKLJKHUVWUHQJWK
DQGGXFWLOLW\WKDQVWHHOVZKLFKGLGQRWFRQWDLQERURQ3UHVVKDUGHQHGVWHHOVREWDLQDIXOO\PDUWHQVLWLFVWUXFWXUHDQG






© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Bayerisches Laserzentrum GmbH
374   H. Kü gler et al. /  Physics Procedia  83 ( 2016 )  373 – 382 
FDUULHGRXWLQYHVWLJDWLRQVUHJDUGLQJVKHDUFXWWLQJRI0Q%ZLWKDVKHHWWKLFNQHVVRIPPDQGLGHQWLILHGD
FKDPIHU DQJOH DV VXLWDEOH IRU D VXIILFLHQW FXW TXDOLW\ ZLWK VLPXOWDQHRXVO\ PLQLPXP VWUHVVHV )XUWKHUPRUH
LQYHVWLJDWLRQVZHUHFDUULHGRXWUHJDUGLQJMRLQLQJ(VSHFLDOO\SODVWLFMRLQLQJLVFKDOOHQJLQJGXHWRWKHKLJKKDUGQHVV


















%HFDXVH RI WKH KLJK VWLIIQHVV RI WKHVH SUHVVKDUGHQHG VWHHOV SUHFLVH SRVLWLRQLQJ DQG ZHOGLQJ SUHSDUDWLRQ LV D
FKDOOHQJH0LVDOLJQPHQWV DQG GLVWRUWLRQ FDQ UHVXOW LQ JDSV GXULQJZHOGLQJ )RU WKDW UHDVRQ.JOHU HW DO 





UHPRYLQJ WKHFRDWLQJ LVEHQHILFLDO IRUZHWWLQJ WKHVWHHOVXUIDFHZKHQ MRLQLQJ0Q%WRDOXPLQXP)XUWKHUPRUH




)RU WKH LQYHVWLJDWLRQV SUHVVKDUGHQHG VWHHO VKHHWV RXW RI 0Q%ZHUH XVHGZLWK D WKLFNQHVV RI PP 7KH
FRDWLQJZKLFKSUHYHQWVWKHVWHHOIURPR[LGDWLRQGXULQJSUHVVKDUGHQLQJLVDQDOXPLQXPVLOLFRQFRDWLQJDSSOLHGZLWK
JPð7KLVFRDWLQJ LQWHUDFWVZLWK WKHEDVHPDWHULDO$VDFRQVHTXHQFHGLIIHUHQW OD\HUVZLWKGLIIHUHQWDOXPLQXP
FRQWHQWVDUHIRUPHG7KLVZDVLQWHQVHO\LQYHVWLJDWHGE\:LQGPDQQHWDO,Q)LJWKHVHFRDWLQJOD\HUVDUH
H[HPSODULO\VKRZQ







































6HDPZLGWKVRI ODSZHOGVZHUHPHDVXUHG LQFURVVVHFWLRQVDW WKHERWWRPRI WKHXSSHUVKHHWDQG WKH WRSRI WKH




7KLV HQDEOHV KLJKPDJQLILFDWLRQ LPDJLQJ DQG DQDO\]LQJ FKHPLFDO FRPSRVLWLRQV:LWK WKLVPHWKRG HVSHFLDOO\ WKH
FRDWLQJOD\HUDQGWKHPHOWSRROERUGHUOLQHZHUHLQYHVWLJDWHG
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2.3. Program 
7KH LQYHVWLJDWLRQV SUHVHQWHG LQ WKLV SDSHU FDQ EH VHSDUDWHG LQ WZR WRSLFV 2Q WKH RQH KDQG EHDGRQSODWH
ZHOGLQJVZHUHFDUULHGRXWLQRUGHUWRLGHQWLI\WKHPLFURVWUXFWXUDOVRIWHQLQJGXHWRWKHODVHUHQHUJ\LQSXW3DUDPHWHUV

















 PPLQ N: PP P -PP
 PPLQ N: PP P -PP
 PPLQ N: PP P -PP
 PPLQ N: PP P -PP
 PPLQ N: PP P -PP
 PPLQ N: PP P -PP
 PPLQ N: PP P -PP
 PPLQ N: PP P -PP

2Q WKHRWKHUKDQG ODSZHOGVZLWK WZRGLIIHUHQW VSRW VL]HVZHUH FDUULHGRXWZLWKSDUDPHWHUV OLVWHG LQ7DEOH
















 PPLQ N: PP P 
 PPLQ N: PP P 
 PPLQ N: PP P 
 PPLQ N: PP P 
5HVXOWV
3.1. Bead-on-plate welding 
([SHULPHQWVZHUHFDUULHGRXWDFFRUGLQJWRWKHSURJUDPIRUEHDGRQSODWHZHOGLQJVDIRUHPHQWLRQHG([HPSODULO\
DKDUGQHVVGLVWULEXWLRQRISDUDPHWHUVHWLVVKRZQLQ)LJ,QWKH+$=WKHKDUGQHVVLVGHFUHDVHGWRDPLQLPXPRI
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)LJ+DUGQHVVGLVWULEXWLRQRIDVSHFLPHQZHOGHGZLWKSDUDPHWHUVHW )LJ+DUGQHVVPLQLPDGHSHQGLQJRQWKHZLGWKRIWKH+$=












)XUWKHUPRUH LQFUHDVLQJ WKHHQHUJ\ LQSXWSHU VHDP OHQJWK UHGXFHV WHQVLOH VWUHQJWK DV VKRZQ LQ)LJ8VLQJ D
VPDOO VSRW VL]H RI P WHQVLOH VWUHQJWK XS WR 1PPð FDQ EH UHDFKHG LQ EHDG RQ SODWH ZHOGV































LQFUHDVHG7KXVPXOWLSOHZHOGLQJRISDUDOOHO VHDPV LQFUHDVHV WHQVLOH VWUHQJWKRI WKH ODSZHOGHG VKHHWV ,Q WHQVLOH
WHVWVRIWKHVHODSZHOGHGVSHFLPHQVIDLOXUHRFFXUVGLUHFWO\DWWKHPHOWSRROERUGHUOLQHRUVKHDULQJRIIEHWZHHQWKH
VWHHO VKHHWV7KHVH WZR IDLOXUH ORFDWLRQVDUH VKRZQ LQ)LJ$GGLWLRQDOO\ DPLFURVHFWLRQRI D WHVWHG VSHFLPHQ
ZLWKIDLOXUHDWWKHPHOWSRROERUGHUOLQHLVH[HPSODULO\VKRZQLQ)LJ6LQJOHVHDPZHOGHGVSHFLPHQVVKHDUHGRII
LQRIDOOFDVHV,QRIDOOWHVWHGVLQJOHVHDPZHOGHGVSHFLPHQVIDLOXUHRFFXUUHGDWWKHPHOWLQJERUGHUOLQH
)DLOXUH RI GRXEOH VHDPZHOGHG VSHFLPHQV LQ WHQVLOH WHVWLQJ RFFXUUHG LQ WKH RXWHU ZHOG VHDP RI WKH ORZHU VKHHW












,Q 7DEOH YDOXHV DUH OLVWHG IRU ODSZHOGV LQ RUGHU WR FRUUHODWH VWUHQJWKZLWK WKH VHDPZLGWK &DOFXODWLQJ WKH

















 PP 1PPð 1PPð  
 PP 1PPð 1PPð  
 PP 1PPð 1PPð  
 PP 1PPð 1PPð  
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GXH WR WKHPLFURVWUXFWXUDO VRIWHQLQJ FI)LJ$FFRUGLQJ WR.LPHWDO  WKHVRIWHQLQJ LQ WKH+$=FDQEH
DWWULEXWHG WR SKDVH WUDQVIRUPDWLRQV RI PDUWHQVLWH LQWR D PL[HG EDLQLWLFPDUWHQVLWLF PLFURVWUXFWXUH DV ZHOO DV




&DUU\LQJ RXW EHDGRQSODWH ZHOGLQJV VKRZHG WKDW WKH ZLGWK RI WKH +$= LQIOXHQFHG WHQVLOH VWUHQJWK RI WKH
VSHFLPHQVFI)LJ,QWKLVLQYHVWLJDWLRQZLGWKRIWKH+$=ZDVLQIOXHQFHGE\WKHODVHUEHDPVSRWVL]HDVZHOODV
WKHZHOGLQJ YHORFLW\2Q WKH RQH KDQG LQFUHDVLQJ HQHUJ\ SHU XQLW OHQJWK GHVFULELQJ WKH TXRWLHQW RI ODVHU EHDP
SRZHU SHU ZHOGLQJ YHORFLW\ GHFUHDVHG WHQVLOH VWUHQJWK FI )LJ 2Q WKH RWKHU KDQG WKH ODVHU VSRW LQWHQVLW\
GHVFULELQJ WKHTXRWLHQWRI ODVHUEHDPSRZHUSHU LOOXPLQDWHGDUHDGLGQRWVKRZDVLJQLILFDQWFRUUHODWLRQ WR WHQVLOH









WRVLQJOHVHDPZHOGLQJFI7DEOH ,QFUHDVLQJ WKHZHOGVHDPZLGWKE\GHIRFXVLQJ WKH ODVHUEHDPDQG WKHUHIRUH
JHQHUDWLQJDELJJHUODVHUVSRWVL]HGHFUHDVHGWKHVWUHQJWKUHODWHGWRWKHVHDPZLGWKE\:HOGLQJWKUHHSDUDOOHO
VHDPVGLGQRWDIIHFWPLFURVWUXFWXUDOVRIWHQLQJRIHDFKVHDP)LJVKRZVWKDWKDUGQHVVPLQLPDLQWKH+$=RIHDFK
VHDP LV VLPLODU WR WKHKDUGQHVVGLVWULEXWLRQVHHQ LQEHDGRQSODWHZHOGLQJV FI)LJ7KHUHIRUH ODSZHOGLQJRI
XOWUDKLJKVWUHQJWK0Q%VWHHOVKHHWVZLWKVHYHUDOVPDOOZHOGVHDPVLVEHQHILFLDOUHJDUGLQJWHQVLOHVWUHQJWK
7HQVLOH VWUHQJWKV RI EHDGRQSODWH ZHOGV DUH KLJKHU WKDQ WHQVLOH VWUHQJWK RI ODS ZHOGV 7ZR GLIIHUHQW IDLOXUH
ORFDWLRQVZHUH REVHUYHG LQ WKLV LQYHVWLJDWLRQ%HVLGHV WKH IDLOXUH LQ WKH ORZHU VKHHW DW WKHPHOW SRRO ERUGHU OLQH







FRDWLQJSDUWLFOHVFDQQRWEHGHWHFWHG LQFDVHRIEHDGRQSODWHZHOGV)XUWKHUPRUH WKH VWUHQJWK UHODWHG WR WKHZHOG
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VHDPZLGWKLVLQFUHDVHGIRUDQLQFUHDVLQJQXPEHURIZHOGVHDPVLQODSZHOGLQJFI7DEOH7KHDPRXQWRIFRDWLQJ
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